Backgrounds and Aims: It is well known that angiogenesis contributes to the progression of chronic obstructive pulmonary disease (COPD) by initiating the remodeling of bronchial vasculature. However, the specific molecular mechanisms are incompletely understood. This research aimed to explore whether endostatin, a member of endogenous antiangiogenic proteins, is a biomarker in COPD and plays a role in the angiogenesis of COPD. Methods: 100 stable COPD patients, 130 patients with acute exacerbation (AECOPD) and 68 healthy volunteers were recruited in this research. Lung function test was conducted in the healthy people and stable COPD patients. Serum endostatin, C-reactive protein (CRP) and vascular endothelial growth factor (VEGF) of all the subjects were measured by Human Magnetic Luminex Screening Assay. Results: Serum endostatin level was significantly higher in stable COPD compared with healthy control and even more in AECOPD patients (P<0.001). Besides, stable COPD patients with frequent exacerbation (≥2 exacerbations per year) in the last 1 year had a higher concentration of endostatin in the circulation compared to the patients with less exacerbation (P=0.037). Furthermore, circulatory endostatin was negatively associated with forced expiratory volume in 1 s % predicted (FEV 1 %pre), an index of lung function in the stable COPD group (P=0.009). Finally, endostatin was positively correlated to serum CRP in COPD group (including stable and AECOPD) (P=0.005) and all the subjects (P<0.001), but only associated with VEGF in the total participants (P=0.002), not in the COPD group. Conclusion: These results suggested that endostatin is a biomarker for COPD and associated with lower lung function, exacerbation, and systemic inflammation. Endostatin potentially contributes to the pathogenesis of COPD.
Introduction
Chronic obstructive pulmonary disease (COPD) is a common airway disease that is distinguished by constant respiratory symptoms, limitation of airflow, and a series of complications and comorbidities. 1 It is one of the main causes of morbidity and mortality in the world, which has risen from the eighth to the fifth in terms of burden of disease from 1990 to 2013 and has been the fourth leading reason for global death in 2013. 2 Its diagnosis depends on the fact that forced expiratory volume in 1 s to forced vital capacity ratio (FEV 1 /FVC) after bronchodilator is less than 70% with the particular symptoms and triggering risks. 1 Apart from the local inflammation in the lung, COPD is also an endothelial and systemic inflammatory disease, which is linked to more severe symptoms, more frequent exacerbation, worse lung function or more comorbidities. 3, 4 Numerous factors have been reported to contribute to the process from local inflammation to systemic inflammation, which causes the self-continuous property of COPD without ongoing stimuli. 3, 5, 6 Even though arguments about how they work in COPD still exist, research about these biomarkers did provide many novel ideas about the pathogenesis of COPD and might help to monitor and manage the progression of COPD.
Endostatin is one of the endogenous antiangiogenic proteins activated by proteolytic cleavage. 7 It prevents endothelial cell proliferation, migration/invasion and tube formation. 8 Some studies revealed that endostatin downregulated endothelial signaling pathways related to proangiogenic activity as well as upregulated the antiangiogenic genes. 9 However, other studies suggested that endostatin had both anti-and pro-angiogenic functions depending on dosages and endothelial cell types. 10 Despite its disparate mechanisms of actions and functions, it was reported to be elevated in certain cancers such as lung cancer and in some chronic inflammatory diseases including chronic kidney disease, 11 systemic sclerosis, 12 and diabetic retinopathy. 13 Similarly, increased serum endostatin was related to adverse function, decreased activity tolerance and invasive hemodynamics indexes in pulmonary arterial hypertension (PAH). 14 These suggest that endostatin may be also a potential biomarker for airway inflammatory diseases. Furthermore, Kanazawa et al reported an imbalance between vascular endothelial growth factor (VEGF) and endostatin levels in induced sputum from emphysema patients. 15 Nevertheless, no research on circulatory endostatin of COPD has been conducted. Therefore, we designed this initial clinical study to explore the alteration of circulating endostatin in COPD and the association between endostatin with lung function and systemic inflammation of COPD.
Materials and Methods Subjects
100 stable COPD patients from the outpatient department of West China Hospital, 130 patients with acute exacerbation (AECOPD) from the inpatient department of Third People's Hospital in Chengdu and 68 healthy volunteers from the physical examination center of West China Hospital were recruited from June 2016 to March 2017. Stable COPD patients and healthy volunteers experienced standard pulmonary function test using the standardized method according to American Thoracic Society guidelines. AECOPD patients have been diagnosed as COPD before according to their lung function, but we did not test the pulmonary function when we recruited them because it could not reflect their baseline lung function when the patients had an exacerbation. COPD was diagnosed based on Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria: (a) FEV 1 /FVC < 70% and (b) the increase of forced vital capacity (FVC) or FEV 1 < 12% or 200 mL after inspiring bronchodilator βagonist (200 mg salbutamol). The basic health information of all the participants was gathered by performing questionnaires and physical examinations. Blood routine examination was performed for all the subjects. Patients who had pneumonia, tuberculosis, pulmonary fibrosis, malignant tumors, and rheumatology diseases within the last 12 weeks before recruitment were excluded. The study protocols complied with the principles of the Declaration of Helsinki and were approved by the Institutional Review Board for Human Studies of West China Hospital of Sichuan University, China (the approved number is 2015 (59)). Written informed consents were obtained from all the subjects.
Blood Collection and Assays
The fasting vein blood was taken from the cubital vein of all subjects and centrifuged at 3000 rpm for 10 mins at 4°C straightaway. Then, the serum was aliquoted and stored at −80°C until analysis. Levels of endostatin, C-reactive protein (CRP) and VEGF were detected using Human Magnetic Luminex Screening Assay (LXSAHM; R&D Systems, Inc. Minneapolis, MN, USA) on Bio-Plex 200 detection platform (Bio-Rad, California, USA) according to the manufacturer's instructions. The lower limits of detection were 27.3 pg/mL for endostatin, 116pg/mL for CRP and 2.1pg/mL for VEGF. Operators performing measurements did not know the clinical information of the subjects.
Statistical Analysis
Continuous data were presented as mean ± standard deviation (SD), while the categorical data were expressed as frequency. After the normal distributions were tested, comparisons of variables with normal distributions such as endostatin, FEV 1 
Results

Characteristics of Subjects
All the demographic data and clinical characteristics (including smoking status, BMI, lung function, circulatory endostatin and CRP levels) of the subjects are summarized in Table 1 . In the stable COPD patient group, 11 patients were categorized as GOLD 1, 42 as GOLD 2, 31 as GOLD 3 and 16 as GOLD 4 based on the GOLD criteria. As expected, FEV 1 /FVC ratio, FEV 1 %pre and parameters of small airway obstruction (SAO) such as MEF50, MEF25 and MEF75/25 were significantly lower in COPD patients in comparison with the healthy group. Meanwhile, age, WBC, CRP, VEGF and endostatin was higher in the COPD group, and even more in the AECOPD group.
Circulating Endostatin in COPD and Healthy Control
As shown in Figure 1A , serum endostatin was notably more in stable COPD group compared to healthy control, and AECOPD had a higher level than stable COPD patients. In addition, within the stable COPD group, we found the level of serum endostatin is linked to the severity of COPD, as it was higher in GOLD 3-4 compared to GOLD 1-2 ( Figure 1B ). Furthermore, we found COPD patients with smoking history had a higher level of serum endostatin than the patients who had never smoked ( Figure 1C ).
Correlation of Serum Endostatin with Risk of Exacerbation
In order to deeply analyze the correlation between circulating endostatin and exacerbation, we compared the levels of serum endostatin and CRP in stable COPD subjects with frequent exacerbation (≥2 exacerbations per year) to those in patients with less exacerbation in the past 1 year. As shown in Figure 2 , higher concentrations of circulating CRP and endostatin were found in COPD patients with frequent exacerbations compared to the patients with less exacerbation.
Correlation Between Endostatin and Lung Function
Because FEV 1 /FVC is normal distribution data, we analyzed the correlation between endostatin and FEV 1 /FVC by Pearson's correlation coefficient test. Spearman's rho was used for analyzing the correlation of endostatin with FEV 1 %pre, MEF75, MEF50 MEF25 and MEF75/25 as they were skew distribution. Our data showed that serum endostatin was negatively correlated to FEV 1 /FVC, Figure 3A and B, Table 2 ). Due to the differences of age, BMI, sex and smoking status between healthy people and COPD patients, partial correlations were used to analyze the correlation between endostatin and pulmonary function parameters by adjusting age, BMI, sex and smoking status ( Table 2) . We found endostatin level was still inversely associated with FEV 1 %pre after adjustment (r=−0.24, P=0.019 for stable COPD; r=−0.251, P=0.001 for a total of healthy control and stable COPD) ( Figure 3C and D).
Correlation Between Endostatin and Other Serum Markers
We further analyzed the correlation between endostatin and other serum markers, such as CRP and VEGF. Endostatin was positively correlated to CRP in the COPD group (including stable and AECOPD) (rho=0.185, P= 0.005) and all the subjects (rho=0.208, P<0.001) ( Figure 4A ). However, endostatin was only associated with VEGF in the total participants (rho=0.176, P=0.002), not in the COPD group (P=0.061) ( Figure 4B) . Similarly, we also analyzed the partial correlations between endostatin with CRP and VEGF by adjusting age, BMI, sex and smoking status. Then, we found that endostatin level was positively associated with CRP and VEGF in all the subjects (r=0.212, P<0.001 for CRP; r=0.164, P=0.005 for VEGF) after adjustment ( Figure 4C and D).
Diagnostic Value of Endostatin for COPD
Because endostatin had a remarkably higher concentration in the serum of COPD patients, and was negatively correlated to lower lung function, we further investigated the possible merit of serum endostatin in diagnosing COPD. Receiver operating characteristic (ROC) curve analysis indicated that the area under curve (AUC) of endostatin to distinguish COPD was 0.72 (95% CI, 0.-654-0.787) ( Figure 5 ). With a cut-off value of 83.27 ng/ mL, the sensitivity was 62.2% and the specificity was 75.0%, respectively.
Prediction of Endostatin on COPD
Binary logistic regression analysis was used to calculate the odds ratios to test the association of endostatin with COPD. Sex, age, smoking condition, BMI and serum CRP were also included in this model because they were different between the healthy control and all the COPD patients. We found age, smoking condition, BMI, serum CRP and endostatin were all associated with COPD prevalence. Serum endostatin in all the subjects were grouped into 4 quartiles: quartile 1 ranged less than 51.00ng/mL, quartiles 2 ranged from 51.00ng/mL to 91.00ng/mL, quartile 3 ranged from 91.00ng/mL to 131ng/mL and quartile 4 ranged more than 131ng/mL. The odds ratio was 1.994 (95% CI: 1.253, 3.175) per 40ng/mL (Table 3 ). 
Discussion
This study investigated the difference of circulating endostatin level between healthy people and COPD patients including the patients with acute exacerbation. We demonstrated that serum endostatin level was markedly higher in COPD patients, which was even more in the AECOPD group, and it was statistically associated with the severity of airflow obstruction and SAO since it was reversely correlated to FEV 1 %pre, MEF50 and MEF75/25. Besides, the history of smoking and exacerbation also affected the concentration of serum endostatin as we showed that in the stable COPD group, patients having frequent exacerbation in the past 1 year had higher level of serum endostatin compared to the patients who had less exacerbation, and patients who were ever or currently smokers had higher level of serum endostatin than the patients who had never smoked. Furthermore, we observed that circulating endostatin was positively related to VEGF and CRP. More importantly, we demonstrated that circulating endostatin was independently associated with morbidity of COPD. Therefore, we provided the first evidence which linked serum endostatin to COPD severity. Angiogenesis, the formation of new blood vessels, is a critical physiologic and pathologic process in many disease conditions including wound repair, tumor growth, and other chronic diseases. 16, 17 Recently, studies threw light that angiogenesis also contributed to the progression of COPD because it initiated the remodeling of bronchial vasculature, followed by airway-remodeling during the progression of chronic airway inflammation. 18 though the molecular mechanisms are still incompletely understood, a series of growth factors and cytokines released from different places of vascular wall and airway may play roles in this. 19, 20 Among those factors, vascular endothelial growth factor (VEGF) is a very important regulator of angiogenesis and vascular remodeling. 21 It functions through binding to two cellular receptors VEGFR1 (Flt-1) and VEGFR2/KDR (Flk-1), on endothelial cells. 22 It was declaimed that VEGF increased in the airways and serum of patients with COPD, which identified the patients with poorer prognosis. 22, 23 In this study, we showed that serum VEGF level increased in COPD patients, being consistent with the previous reports. Endostatin, a 20-kDa peptide derived from the carboxy terminus of collagen XVIII, is a potent inhibitor of angiogenesis and interferes with VEGF/VEGFR signaling. 8, 24 It has been reported that endostatin was involved in the pathogenesis of tumors, arthritis, heart failure, chronic kidney disease and pulmonary hypertension and circulatory of endostatin were increased in patients with those diseases. 7, 12, 14, [25] [26] [27] Additionally, the imbalance between vascular endothelial growth factor and endostatin levels in induced sputum from emphysema patients was reported before, which is the only study connecting endostatin with COPD. 15 Thus, it is necessary to conduct more research to explore the role of endostatin in COPD.
In this study, we found a significantly elevated concentration of serum endostatin in patients with COPD, which suggested a potential role of endostatin in COPD. Even currently we do not know the exact mechanisms, there can be some speculations. Firstly, other risk factors that were closely related to endostatin, such as age and obesity, might contribute to the adverse effects associated with increased endostatin levels because they differed between healthy people and COPD patients in our study. Secondly, different gender and smoking condition between healthy and COPD in our study could also lead to the difference of serum endostatin level. However, endostatin was still associated with lung function after we adjusted for these parameters, indicating that endostatin might play a direct role. Besides, pulmonary vascular endothelial dysfunction in COPD might be a more important explanation. Damage and proliferation of endothelial cells (EC) and pulmonary microvascular endothelial dysfunction including increased vascular permeability, vasodilation and angiogenesis trigger remodeling of the pulmonary vasculature, thus inducing pulmonary hypertension (PH), which is a characteristic of COPD. 28, 29 Apoptosis of pulmonary endothelial cells was also involved in the pathogenesis of COPD by causing emphysema. 30 Endostatin is an effective inhibitor of endothelial cells, which can inhibit the functions of not only endothelial cells but also endothelial progenitor cells and induce apoptosis of these cells. 31, 32 Therefore, we speculated that elevated endostatin might be one of the mechanisms for the endothelial apoptosis and endothelial dysfunction in COPD patients. When a patient with COPD has a sustained (e.g. 24-48 hrs) increase in cough, expectoration and/or dyspnea, the patient will be diagnosed as an acute exacerbation of chronic obstructive pulmonary disease (AECOPD), which to a very large extent, increases the frequency of visits to the emergency department or hospitalizations and expands healthcare costs. Previous studies indicated that cardiac comorbidity was the most common cause of AECOPD and attenuated endothelial repair might cause an increased risk of cardiovascular events in patients with COPD. 3, 33 In this study, we found that COPD patients with more exacerbation had a higher level of endostatin in circulation compared to the patients with less exacerbation, which linked the endothelial dysfunction with AECOPD again and could predict the risk of cardiac diseases in COPD.
In addition, we observed that the serum endostatin level was particularly higher in GOLD 3-4 COPD patients than GOLD 1-2 patients, signifying that circulating endostatin may be negatively associated with the severity of COPD. The correlation analyses between endostatin level and lung function parameters further validated this hypothesis by showing that serum endostatin was inversely
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Stable COPD AECOPD B A D C Figure 4 Correlation analyses between serum endostatin levels and other COPD biomarkers. Serum endostatin was positively correlated to serum CRP (A) and VEGF (B). After adjusting age, BMI, sex and smoking status, endostatin was positively associated with CRP (C) and VEGF (D) in all the participants. The blue solid line denotes the line of best fit in COPD, the black line represents the line of best fit in all the participants. Abbreviations: COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; VEGF, vascular endothelial growth factor. correlated to FEV 1 /FVC, FEV 1 %pre and SAO parameters. Although the underlying mechanisms on how endostatin plays a role in the airflow obstruction could not be elucidated now, airway angiogenesis and endothelial dysfunction could be the potential mechanisms for this, which needs studying further. Finally, we analyzed the diagnostic and predictive role of endostatin by analyzing the ROC curve and binary logistic regression and found that endostatin could be a diagnostic marker for COPD, suggesting endostatin is worthy to study in the future.
Our research aimed to explore whether endostatin had a relationship with COPD and the results showed that serum endostatin level was significantly higher in COPD patients and correlated to lung function and exacerbation. However, there were also some limitations in this study. Firstly, only 100 stable COPD patients without computed tomography data were recruited, limiting our analyses on the correlation between endostatin with lung function and systemic inflammation in different phenotypes of COPD. Secondly, it was difficult to conclude the causality between endostatin or other parameters with COPD because this study was a cross-sectional study and a retrospective analysis, which needs more prospective or in vitro studies to clarify the possible mechanisms under these observations. Moreover, we only detected CPR and VEGF besides endostatin, which narrowed the investigation of the relationship between endostatin with inflammatory response and airway angiogenesis in COPD. Lastly, several other samples that can better reflect the condition of airways, such as bronchoalveolar lavage fluid (BALF) and sputum, should also be analyzed in the future research.
Collectively, the present study is the first demonstration that serum endostatin is a novel biomarker of COPD, which is associated with lung function and airway angiogenesis. It may be useful for diagnosing disease and predicting the exacerbation of disease. This study also provides a new idea to further understand the mechanisms for the pathogenesis and development of COPD. However, further prospective research or mechanical studies need conducting to explain the specific role of endostatin in the pathogenesis of COPD. Commission of Sichuan Province (17PJ009). The funders had no role in study design, data collection or analysis, decision to publish, and manuscript preparation. The abstract of this paper was presented at the ERS INTERNATIONAL CONGRESS 2019 as a poster presentation with interim findings. The Sensitivity% Figure 5 Diagnostic value of endostatin for COPD. 
